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Movement of pedestrian crowds
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Movement of pedestrian crowds

1. How do individuals
interact?

2. Do interactions differ
across contexts?
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Focus on bottleneck scenario

1. How do individuals
interact?

2. Do interactions differ
across contexts?
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Model microscopic interactions in front of bottleneck.



Time between consecutive pedestrians

B o= /] \ \s\
5 s

il

p4
= H | | | ‘H::hml 7 dC Q
00 05 10 15 20 25
At(S) k

Statistical models: At~T'(u, o)
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e.g. u = [p1(d¢c — dp) — p2






Candidate models

%
Models for u: o &\\
my: assume U is constant ) ) d’ @_\
my: assume u depends on density e an " @/ C &\\
my: assume u depends on difference in distance between B and C
ms: assume u depends on angle between B and C

My: assume u depends on distance of closest pedestrian

... consider combinations of models...



Model fitting

Statistical models: At~T'(u, o)

p.d.f. of gamma distribution: fr

Likelihood of a model: L = 1_[ fr(Aty; g, o)
k

(assume models describe dependencies between consecutive Aty,)

Find model parameters that maximise L.
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Comparing different contexts
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Simulations are
experimen

not fitted to

= SLw+Qw

— OE

L Zw+ow

L SW+gw+Qw

Q = W+ L W+ouw!

b Lw+ouw

— W+ L W+oW

o ~ PW+gW+ | W+Quw
@] = WU+ SW+Z W+ | LWU+Qul
(@] = SUU+Z W+ L W+QuW
= PLU+E LU+ L W+gLU
= P+ L W+HOW

= P+ g W+

F U+ EWU+ZW+QW
O  PW+gW+QwW

O ~ Pu+ow

L cw+ow
L ow
L Zw+ow
- SWH+ZW-+0W
Q — €W+ L W+OW
O — Lw+ow
O | Zuw+lW+ow
O | U+ L W+OW
Q | PU+EWHZW4 LW+OW
O | SW+ZW+ | W+QW

Q + puw+gld+ L Ww+Quw

O | W+ W+Qu

O  Pul+gW+Qu

Q - pW+gW+ZW+QW

QO — Pu+gWw+Qul

O ru+ou

T

model

mode!



25
)

=| ® - ew+ouw
- OE
g — ZW+ow
® — SW+gW+oW
[ ] — e+ L W+ow
® F LWw+ow
@ — ZW+ L W+Qw

(

20
@

1
i @ | PU+ZW LW40W
1 @ | PWHEW+ZWH | W+0W
! ® L SUW+ZWH+ | W+
' @ [ PW+HEWH LW4+0W
i ® - W+ [ W+OW

® I P+ ZWH+QW

- w @ L pl+EW+ZW+0W
L]
®

At (s)

10

- PUW+EWH+OW
E pL+ow

L e L oeee 082z ovez
0 €0 Z0 L0 00 Y
Alsusqg

s
-
-
[ LY
=~ _
T I T T T

02 g1 0L S0 00 foll"2
Aysuag

256

@]  EW+0wW
— OE
— gu+Quwl
= S+ g+Qw
Q = W+ L W+ouw!
Q = Luw+Qul
0] — W+ | W+oWw
(o] = PUU+Z W+ L W+QuU
@] = WU+ SW+Z W+ | LWU+Qul
(@] = SUU+Z W+ L W+QuW
Q  PW+gW+LW+QW
O - pW+LWQW
o
9]

(h)

1.5 2.0
At (s)
O
._..__--___._._-_._-..-_-.G_.
o

1.0

= P+ g W+

= PU+EW+ZW+QW
O  PW+gW+QwW

O ~ pl+ow

0.5

0.0

{d)
T
25

[0) L ew+ow
L ow

%

i

i

i

i

(@)

= cw+Qu
o] — SW+ZU+oW
= W+ LW+HOW
LW+

1.5 20
0©

b ZW+ L W+Qw
b U+ W+ LW+0W

At (s)

= P+ W+ Z W | LW+QW

1.0

I SW+ZWH+ | W+0W

o]

O

o}

O
Q + puw+gld+ L Ww+Quw
O | W+ W+Qu
¢]
O
o
O
T

= P+ ZW+QW

— U+ EW+ZW+QW
= pl+gW+QuW

= FU+0W

T T T T oct 08 09 Or
gL oL $0 00 Iy
Aysusq

(7
i’
x
()]
s
c
@)
&)
.
-
D
| -
()]
(T
—
©
(@)
-
—
M
Q.
&
@)
@)

model

model

mode!



(7p
)
o
@
'
)
S
(7))
()]
ad

< )
-M Inv.
<
o |
- v 3
o
: ™
| 0
(o]
(=]
. o
| | | | | | |
o¢ o'l 00 0L
|enpisal
o | o
. | ©
.-. [+ ]
. . K=
.--..” - \‘- .s.._- .w._ |__.0
. \-.._\\ -\-N..-.s ' ©
I I I T T
S0 00 G0 0 G-
jenpisal
o a
. | <
-s..~ —
.\\ n | ©
! -—
.n.\\ .___M‘Mm. .
/ Sr A
w
K=
I I I I I I
gL 0L S0 00 S0 O

|enpisal

predicted value

predicted value

predicted value



Residual plots

(a) (b) (c)
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e (Can isolate most likely mechanism from candidates.

e (Can use this to compare microscopic behaviour across
contexts (check simulation models).

e Residual plots highlight aspects not explained by statistical

models.

NOTE: if interactions inside bottleneck are important, the
approach may not be appropriate.



Further work

 Framework is general and can be extended (e.g. social
groups, age differences).

e Apply to a range of experiments/models.
e Consider wider exits.

e Investigate changes in behaviour over time.
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